Abstract-We present, for the first time to our knowledge, results on the characterization of response of a dual resonance observed in the spectrum of a single long-period grating arcinduced in a B/Ge co-doped fiber to different physical parameters. The dual resonance is formed by two overlapping resonances corresponding to coupling of the core mode to symmetric and antisymmetric cladding modes. Therefore, these resonances may behave differently when strain, bending, torsion, or temperature is applied to the grating. We show that the bending, strain, and torsion sensitivities of the two resonances are very different, while the temperature sensitivities are almost the same.
INTRODUCTION
In the past few years some effort has been putted in the investigation of the mechanisms responsible for the formation of arc-induced gratings. In [1] we showed that gratings arc-induced in the SMF-28 Corning fiber couple the core mode to antisymmetric cladding modes while the ones produced in the FIBERCORE PS1250/1500 B/Ge co-doped fiber are due to coupling to symmetric modes. Recently, we demonstrated that the origin of the antisymmetric coupling in the case of the standard fiber is the thermal gradient associated with the arc discharge [2] . This induces a periodic microdeformation in the fiber that leads to the formation of the grating. In the case of the B/Ge co-doped fiber a different mechanism play the main role [3] . However, a microdeformation should also be possible to induce in that fiber. Based on our study we concluded that if we moved the fiber from the center line joining the electrodes to a region where the thermal gradient his higher and the average temperature is lower, we would increase the formation of the antisymmetric grating and decrease the symmetric one. In fact we found out that under certain conditions it is possible to fabricate in a B/Ge co-doped fiber an arc-induced longperiod grating whose spectrum contains a dual set of resonances [3] . These two sets of resonances are formed by distinct mechanisms and are caused by coupling to cladding modes of different symmetries. Therefore, it is expected that these resonances respond differently to distinct physical parameters such as bending and torsion. In this paper, we characterize the response of the grating to temperature, strain, bending and torsion.
II. EXPERIMENTAL RESULTS

A. Grating fabrication
For the grating fabrication it was used the setup described in [4] being the fiber positioned in a region of the arc where the average temperature is lower and the thermal gradient is higher and also applied a higher pulling tension, compared to the previous experiments [2] . The fabrication parameters were set as following: 60 periods of 540 µm using a tension of 23 g and discharges with a current of 9 mA and duration of 0.5 s. Fig. 1 shows two neighboring resonances in the third telecommunication window belonging respectively, to coupling to the antisymmetric and symmetric cladding modes [3] . 
B. Sensor characterisation
In this section we characterize the response of the grating to changes in temperature, strain, bending and torsion. The temperature behavior was determined by placing the fiber, under tension caused by a mass of 5.1 g, in a tubular oven and the temperature was increased in steps of 10 ºC up to 120 ºC. As seen in Fig. 2 both resonances shifts towards shorter wavelengths with the increase of temperature being the temperature sensitivity almost identical (-288 pm/ºC).
For the strain sensitivity the fiber was fixed in two points separated by 30 cm, one of them being fixed on a translational stage. The fiber was then stretched in steps of 167 µε up to 2000 µε and then back again to zero. The value of 0.172 pm/µε achieved for the resonance at longer wavelengths is almost half the value (0.366 pm/µε) obtained for the one at shorter wavelengths (Fig. 3) .
Afterwards, the grating was submitted to bending and instead of applying strain, the translational stage was moved in order to curve the fiber (Fig. 4) . The displacement was in steps of 150 µm (the fixed points were at a distance of 20 cm). Fig. 5 shows the grating spectra for a straight position and for a displacement of 0.45 mm and 1.5 mm. It was observed that while the symmetric resonance shifts towards longer wavelengths and its amplitude increases with bending increase (the resonance was initially overcoupled), the antisymmetric resonance splits in two. One of the resonances almost does not change with bending and its amplitude tends to vanish. The other shifts towards lower wavelengths and its amplitude grow with bending increase. This behavior was predicted in [5] where the effect of bending on long period fiber gratings is discussed. As shown in Fig. 6 , the resonances shift in opposite directions up to ~1 mm. The sensitivities are of about 23 nm/mm and -19 nm/mm for the symmetric and one of the antisymmetric resonances, respectively. Afterwards, both moves towards shorter wavelengths being the sensitivity much higher for the symmetric resonance (-11 nm/mm and -2.8 nm/mm, for displacements between 2 and 5 mm). Curvature was also performed for different bending planes, i.e. the fiber was rotated in steps of 90º and the measurements repeated, however similar results were found. Finally, the grating was submitted to torsion. One end of the fiber was fixed and the other end was rotated in steps of 90º (the distance between fixed points was set to be 30 cm). The twisting rate was set to be ~ 5 rad/m. As shown in Fig.  7 , as the fiber is being twisted the resonance at longer wavelengths fluctuates around the wavelength of 1527.0 nm while the resonance at shorter wavelengths increase almost linearly (24.5 pm/(rad/m)). The behavior of arc-induced gratings under torsion [6] is not fully understood but it might be similar to the one obtained for gratings induced by CO 2 laser radiation [7] . On the other hand, gratings induced by UV-radiation [8] , mechanical [9] and corrugated gratings [10] behave differently, that is, independently of the orientation of the rotation the resonances shift towards shorter wavelengths.
To summarize, both resonances exhibits similar temperature sensitivities (-288 pm/ºC), the strain sensitivity is twice larger for the antisymmetric resonance. In which concerns the bending sensitivity, the resonances have distinct behavior. For displacements up to 1 mm they move in opposite directions while above 1 mm both shifts towards shorter wavelengths being the shift 4 times higher for the symmetric resonance. When the fiber is twisted the symmetric resonance is insensitive and the antisymmetric one increases linearly. Therefore, as the results suggest it should be possible to implement a sensor for the measurement of one physical parameter such as bending being the sensor insensitive to temperature.
III. CONCLUSION
We have characterized the response of a long period fiber grating to changes in temperature, strain, bending and torsion. The grating was inscribed in a B/Ge co-doped fiber that exhibit a dual set of resonances resulting from coupling of the core mode to cladding modes of different symmetries. It was found that both resonances have similar temperature sensitivities and distinct strain, bending and torsion sensitivities. Therefore, it is possible to implement a temperature self-referenced sensor for the measurement of one of the other parameters such as bending.
